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FOREWORD 

The material contained herein includes operating and 
maintenance Instructions for all equipment and piping 
related to the handling of river water within the 
River Water Pump Station. Also Included are instruc- 
tions for the underground river water piping leading 
from the pump station to the World Trade Center as 
well as the effluent piping leading from the World 
Trade Center to the Hudson River. 

The subject matter Is Intended to serve as a guide 
for personnel In the performance of their duties In 
the operation and maintenance of the equipment and 
systems described. All operating and maintenance 
personnel must nonetheless comply with all Port 
Authority accepted safety practices and precautions 
as well as with the instructions provided by the 
p)ant supervisory staff. 

The material has been compiled, researched, organized, 
and prepared by the Maintenance Methods Section of the 
Design Division for Maintenance Engineering, Engineer- 
ing Department. 
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CHAPTER I 



INTRODUCTION 



SCOPE 

The purpose of this manual is to describe the mechanical and electrical 
systems of the River Water Pump Station as well as the underground 
piping associated with the pump station and located on the west side of 
the perimeter wall surrounding the World Trade Center. River water 
piping and related equipment located on the east side of the perimeter 
wall shall be described in a separate manual describing the WTC 
refrigeration plant. This manual also includes operating and 
maintenance procedures related to individual items of equipment as well 
as the entire system. 

GENERAL 

The River Water Pump Station is located below grade level in the Battery 
Park City landfill area directly west of the south side of Tower A. Its 
purpose is to pump salt water from the Hudson River to the WTC refriger- 
ation plant while at the same time removing trash and particles greater 
than 3/8-inch mesh. Seven 12,900 gpm pumps, the main river water pumps, 
are used to pump river water through a 60-inch diameter pipeline to as 
many as seven centrifugal refrigeration machines. One pump has enough 
capacity to meet the condenser water needs of one centrifugal machine. 
The pumps also supply water continuously, 24 hours per day, for most of 
the year to a separate computer cooling system. A single 7400 gpm pump, 
the auxiliary river water pump, is used as a standby for main river 
water pumps nos. 1,2,3,6, and 7 whenever the 60-inch discharge line is 
shut down for repairs. This auxiliary pump as well as the main river 
water pumps nos. 4 and 5 are able to discharge into a 20- inch line. 
Pumps nos. A and 5 can discharge into either the 60-inch or 20-inch 
pipelines. For computer cooling purposes, some of the water is pumped 
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FOREWORD 

This manual is titled "Instruction Manual No. 
1A and replaces Instruction Manual No. 1. 

This updated version was necessitated by 
mechanical and electrical changes to the river 
water pumping station. The major changes are 
increased pumping capability, additional controls 
to achieve pump motor protection with remote 
annunciation, new w;ater treatment pumps and an 
entirely new ventilation system. There have also 
been several changes to the piping system. 

In addition, the manual has been entirely 
rewritten in order to make it a more user- friendly 
instructive narrative. 

The material has been compiled, researched and 
organized with the tireless aid of the Maintenance 
Section of the Design Division for Maintenance 
Engineering, Engineering Department. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 

The purpose of this manual is to describe the mechanical 
and electrical systems of the River Water Pump Station and 
the underground piping associated with the pump station 
located on the west side of the perimeter wall surrounding 
the World Trade Center. 

River Water piping and related equipment located on the 
east side of the perimeter wall is addressed in a separate 
manual describing the WTC refrigeration plant. 

This manual includes operating and maintenance 
procedures related to individual items of equipment and the 
entire system. 



GENERAL 
The River Water Pump Station is located below grade 
level in the Battery Park City landfill area directly west 
of the south side of 2 World Trade Center. It pumps salt 
water from the Hudson River to the WTC refrigeration plant 
after removing trash and particles greater than 3/8-inch 
mesh. 

1-1 LIM-U. Jl0/O>*pt«r.l/4-2J'»4 



There are 8 main river water pumps. Pumps 1, 4, 5 and 
8 can deliver 12,90C GPM to either the 60" or the 20 r pipe 
feeding the World Trade Center refrigeration plant and the 
24 -hour computer cooling system. Pumps 2,3,6 and 7 deliver 
18,000 GPM to the 7 centrifugal refrigeration machines. 

For computer cooling purposes, some of the water is 
pumped through a pair of heat exchangers located on the 264- 
foot level <B4) of the WTC basement to produce chilled water 
for cooling various- computer rooms located throughout the WTC 
complex. 

In the event of a general electric power failure at the 
WTC, all of the main and auxiliary river water pumps will 
shut down, but two small A290 GPM pumps, the emergency river 
water pumps, will automatically start up and supply just 
enough water to cool two groups of diesel-driven electric 
power generators located on the 242-foot level (B6) of the 
WTC. One group of generators is controlled and operated by 
the Port Authority. The second group of generators is 
controlled and operated by The New York Telephone Company. 

The pump station serves the WTC by means of two 
underground pipelines: a 60- inch pipe and a 20 -inch pipe. 
The 60 -inch pipe is used primarily by the main river water 
pumps and the 20 -inch pipe is used primarily for computer 
cooling and also serves as a standby whenever the 60-inch 
pipeline is out of service for any reason. The piping within 
the basement of the WTC is so arranged that either of the two 
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pipes may be used to supply water for the centrifugal 
machines or for computer cooling. 



GENERAL DESCRIPTION OF PUMP STATION 

General 

The pump station is an underground building 
approximately 67 feet wide by about 100 feet long. The roof 
of the structure is called Pumphouse Park. The operating 
floor, located 2 feet above the river median high water 
level, contains most of the mechanical and electrical 
equipment. See figures l-l through 1-5. For reference 
purposes, the median high water level is 300 feet. 

River water enters the pump station through a north and 
south horizontal intake tunnel each 7-foot high x 10-foot 
wide. The tunnels on the inlet side penetrate one of the 
circular steel cells surrounding the Battery Park City 
landfill area. The bottoms of the tunnels are flush with the 
bottom of the pump station chambers at a level of 280 feet. 
Both tunnel inlets are equipped with monel bar screens 
containing bars spaced at 5 -inch intervals. River water then 
enters the pump station through a pair of sluice gates and 
passes to the north and/or south settling chambers. Due to 
the much greater cross-sectional areas of the settling 
chambers as compared to the areas of the intake tunnels, the 
velocity of the water is reduced. This reduction in water 
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FOREWORD 

The Instructions and recommendations In this manual are 
presented to aid and guide Port Authority personnel who 
operate and maintain the Remote Lighting Control System at 
the World Trade Center. 

This manual should be used with, and must comply with, 
Instructions set forth In the "Guide for Port Authority 
Electricians", OeM Standards, and other approved safety 
procedures in effect at the World Trade Center. 

The contents of this Instruction manual have been researched, 
compiled, and prepared by the Maintenance Methods Section of 
the Design Division for Maintenance Engineering, Engineering 
Department, with the cooperation of the World Trade Department. 
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PREFACE 

The Remote Lighting Control System for the Southeast 
Plaza Building of the World Trade Center complex Is 
not Included In this manual since It was not Installed 
at the time of preparation of this manual. 

World Trade Center personnel should request an 
updating of this manual when the system Is completely 
Installed or other major changes are made. 
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CHAPTER I 



INTRODUCTION 



SCOPE 

This manual deals with the Remote Lighting Control System of the tenant 
office areas at the World Trade Center. Chapter I provides a general 
description of the system, power supply, and equipment arrangement. 
Chapter II describes the individual items of equipment employed in the 
Local and Remote Lighting Control Systems. Chapter III focuses on the 
system power supply, signal, remote multiplex terminal/subrelay station, 
and overall system distribution. Chapter IV explains the system 
operation under various conditions. Chapter V includes maintenance 
recommendations. This manual does not describe the security and alarm 
systems, even though some of the equipment described herein also 
functions for those systems. 

GENERAL DESCRIPTION OF SYSTEM 

The Remote Lighting Control System at the World Trade Center provides 
the capability of performing ON/OFF lighting control for 200 tenant 
floors from a single control point, the Control Center in the Security 
Room on subgrade level Bl (elevation 294 feet). There is also a pro- 
vision for the local control of tenant floor lights by means of key- 
operated switches on the individual floors and by means of toggle 
switches on some floors. The Remote Lighting Control System consists of 
a control console, teletype keyboard and printer (TTY) , alarm display 
and acknowledge terminal (ADAT), data transmission cables (DTC*s), 
system power supply (SPS) units, remote multiplex terminals (RMT's), 
subrelay stations (R's), and lighting contactors. Some of these 
components are shown in the system block diagram presented in Figure 
1-1. The control console consists of dual general purpose computers, 
dual central multiplex terminals (CMT's), a link control unit, and a 
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FOREWORD 

This manual provides mechanical operating and maintenance 
Instructions for the refrigeration equipment and related 
systems within the WTC Refrigeration Plant. Electrical 
operating and maintenance instructions for the compressor 
motors and pump motors as well as for the power distri- 
bution equipment supplying those motors are provided in a 
separate manual . 

The subject matter is Intended to serve as a guide for 
personnel in the performance of their duties In the 
operation and maintenance of the equipment and systems 
described. All operating and maintenance personnel must 
nonetheless comply with all Port Authority accepted 
safety practices and precautions as well as with the 
instructions provided by the plant supervisory staff. 

The material has been compiled, researched, organized, 
and prepared by the Maintenance Methods Section of the 
Maintenance Engineering Design Division, Engineering 
Department. 



111 



PREFACE 

This manual reflects the as-built condition of the 
systems as of the date when each chapter* was 
researched and investigated. Due to modifications 
that may have been made after that time, the manual 
may contain some discrepancies which may require an 
updating of the manual in the future. The World 
Trade Department should request an updating of the 
manual when it is felt that the manual no longer 
adequately represents the Refrigeration Plant and 
related systems in their current state. 
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PREFACE 

This manual describes the systems and operating 
procedures in use at the issue date of the manual. 
Future systems changes will require revisions in 
the manual. The World Trade Department should 
request changes in the manual as refrigeration- 
plant systems change. 



FOREWORD 

This manual gives mechanical operating and 
maintenance instructions for the 2,500-ton 
centrifugal chiller, refrigeration equipment, and 
related systems. Another manual gives electrical 
operating and maintenance instructions for the 
compressor motors and pump motors as well as 
instructions for the power-distribution equipment 
supplying those motors. 

This manual is a guide for operating and 
maintenance personnel who must also comply with 
Port Authority accepted safety procedures and 
instructions from their supervisory staff. 
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FOREWORD 

The Instructions and recommendations contained In this manual 
are presented as an aid and guide to Port Authority personnel 
who operate and maintain the Electrical Systems of the Central 
Refrigeration Plant In the World Trade Center. 

This manual should be used with, and must comply with the 
instructions set forth In the "Guide for Port Authority 
Electricians", O&M Standards, and other approved safety 
procedures applicable to the World Trade Center. Supplementary, 
detailed Information on the major components of the Electrical 
Systems of the Central Refrigeration Plant Is supplied In 
Manual No. ka. 

The contents of this manual have been researched, compiled , and 
prepared by the Maintenance Methods Section of the Design 
Division for Maintenance Engineering, Engineering Department, 
with the cooperation of the World Trade Department. 
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PREFACE 

The Information and diagrams provided In this 
manual reflect the status of the equipment 
and circuitry as It existed upon the comple- 
tion of research for the manual. 

World Trade Center personnel should request 
revisions to this manual for all changes to 
equipment and circuitry that have occurred 
since that time. 
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CHAPTER 



INTRODUCTION 



SCOPE 

The subject of this manual ia the electrical power 
distribution systems in the Central Refrigeration Plant of the 
World Trade Center. Chapter 1 is an introduction to the manual. 
It includes a layout showing the locations of all the major 
electrical equipment in the refrigeration plant. Chapter 2 deals 
with the distribution of the 13.8 KV main power to the 7,000 hp. 
compressor motors. Included in this chapter are detailed 
descriptions of the power centers located on the mezzanine level 
of the refrigeration plant and a foldout one-line diagram of the 
13.8 KV Main Power Distribution System. 

Chapter 3 focuses on the refrigeration motor starters that 
control, operate, and protect the 7,000 hp. compressor motors. 
The chapter contains a foldout schematic of a typical 
ire frige rat ion motor starter (7,000 hp. Motor Starter Switchgear) 
tod York Unit Control Panels. Chapter 4 is concerned with the 
480V Power Distribution Systems in the plant. Included in the 
chapter are a one-line diagram of the distribution system, 
schedules of the distribution panels in the system and information 
concerning the Motor Control Center, Chapter 5 is devoted to the 
dc power supplies which provide the 48V dc power that is required 
for controlling, tripping, and closing operations in the power 
centers and the motor starters, 

GENERAL 
The Main Power Distribution System for the Central 
Refrigeration Plant comprises seven feeders that supply power to 
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eeven power centers located in the refrigeration plant. See 
Figure 1-1. The seven power centers control the power required 
for the heavy cooling equipment motors. These motors Include the 
7,000 hp, synchronous motors that drive the refrigeration 
compressors, the Chilled Water Circulating Pumps, and the River 
Water Pumps that are located in the River Water Pump Station. 
Detailed information concerning the power centers is provided in 
Chapter 2. 

Each of the seven synchronous motors Is provided with its own 
switchgear cabinet. Housed in this cabinet are two drawout air 
circuit breakers, relays, twitches, and miscellaneous associated 
electronic and electromechanical components. Detailed Information 
concerning the Motor Starter Switchgear is provided in Chapter 3. 

The 480V Power Distribution System feeds many auxiliary 
systems associated with the refrigeration plant. Feeders for this 
system originate in Substations 294A and 294B and terminate in 
distribution panels located on the northwest wall of the plant. 
See Figure 1-1. 

NOTES ON APPENDICES 
Appearing in the rear of this manual are four appendices. 
They are: "Abbreviations for Text", "Electrical Symbols", 
"Abbreviations for Drawings", and "Special Legend". The "Abbrevia- 
tions for Text" listing comprises the explanations of all the 
standard abbreviations used in the writing of the text of this 
manual. The "Abbreviations for Drawings" legend contains defini- 
tions of the standard abbreviations utilized in the diagrams in 
the manual. The "Electrical Symbols" listing contains the mean- 
ings of all the standard electrical symbols used in the diagrams 
in this manual. The "Special Legend" includes explanations of all 
the special electrical designations and symbols originated speci- 
fically for the subject matter in this manual. 
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FOREWORD 

This book has been compiled by the Maintenance Methods 
Section of the Design Division for Maintenance Engineering, 
Engineering Department, at the request of the Electrical 
Section of the Operations Division of the World Trade 
Department as a supplement to World Trade Center In- 
struction Manual No. 4, "Electrical Systems - Central 
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The publications and diagrams included in this book con- 
tain manufacturers' data pertaining to the receiving, 
handling, storing, installing, maintaining, adjusting, 
and servicing of most of the major assemblies and sub- 
assemblies comprising the electrical systems of the 
Central Refrigeration Plant. Since the data contained in 
these manufacturers' drawings and publications have not 
been verified by the Maintenance Methods Section, their 
accuracy cannot be assured. 
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2 




721-10AA008 


SBM Control Switch 


25.50 
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FOR MECHANISM 




105C93 93 P-l 




137A7575 P-4 




6275C70 G-2 




456A866 P-5 




456A866 P-6 




10AXC06 G-4 




161A4231 




137AS252 


> 


t 161A59C9 


7: 


J3-685C810 G-3 
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Arc chute throat (right) 

Primary contact finger spring 

Primary contact finger 

Movable arcing contact 

Movable primary contact (outside, left) 

Movable primary contact (outside, rijht) 

Movable primary contact (Inside, left) 

Movable primary contact (inside, rigtt) 



Motor 

Relay 

Release 6 trip coil 

Switc'., normally open 

Svitct., normally closed 

Auxiliary svitch 

Closing latch spring 

Prop spring 

Pawl spring 

BULLETIN CEI-88766 
Spare breaker elevating motor 



3 
3 
3 
3 
3 
3 
6 
3 
3 
3 
3 
24 
24 
3 
3 
3 
3 
3 



11.50 

110.00 

.55 

.55 

5.30 

1.40 

.40 

12.50 

12.50 

73.00 

73.00 

.65 

7.60 

38.00 

13.50 

13.50 

13.50 

13.50 



1 


161.00 


1 


20.50 


2 


;42.50 


5 


4. B0 


1 


4.80 


1 


40.00 


1 


.40 


1 


1.80 


3 


1.80 



325.00 
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| 


629320J 


G-3 
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.20 



2 


1.80 


2 


1.10 


2 


1.10 


1 


1.40 



1.80 
1.10 
1.10 



40.50 
12.00 
.55 
24,50 
38.00 
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Seal-in unit 


\ 


1 


6293204 


G-19 


Instantaneous unit 








BULLETIN GEF-3883 










ITEM 7 
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W 



1835 



MODEL 721-116B6708 G-2 
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with *color cap 

*specify color desired 
Spare Indicating Lamp Bulb 

BULLETIN GEF-4326 
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.55 
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24.50 
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38.00 



6.60 



.40 
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FOREWORD 

The instructions and recommendations contained in this manual 
are presented as an aid and guide to Port Authority personnel 
who operate and maintain the High Voltage Distribution System 
of the World Trade Center. 

This manual should be used with, and must comply with the 
instructions set forth in the "Guide for Port Authority 
Electricians", OQM Standards, and other approved safety 
procedures in effect at the World Trade Center, 

The contents of this manual have been researched, compiled, 
and prepared by the Maintenance Methods Section of the Design 
Division for Maintenance Engineering, Engineering Department, 
with the cooperation of the World Trade Department. 
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PREFACE 

The information and diagrams provided in this 
manual reflect the status of the equipment 
and circuitry as it existed upon the comple- 
tion of research for the manual . 

World Trade Center personnel should request 
revisions to this manual for all changes to 
equipment and circuitry that have occurred 

since that time. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 

The topic of this manual is the High Voltage Distribution 
System of the World Trade Center. Chapter I is an introduction 
co the manual. Tt contains an explanation of the designation 
system used in the Center and an account of the appendices that 
are presented in the rear of the manual. Chapter 2 focuses on 
the distribution system as a whole. It includes a one-line cable 
diagram of the system and layout plans of its Primary Distribution 
Center and substations. 

Chapter 3 deals with the Primary Distribution Center. It 
contains descriptions of the air circuit breakers (ACB's), their 
cubicles, and the metering system. Also included are detailed 
explanations of: the Emergency Trip Circuit; the 120V dc Supply; 
and signals to the Honeywell Computer. Chapter 4 is concerned 
with the substations of the High Voltage Distribution System. It 
includes descriptions of: the primary disconnect and grounding 
switches and their operating procedures; the network transformers; 
and their hottest spot indicators. 



GENERAL 
Installed transformer capacity in the Trade Center, which 
includes a large margin for future growth, has a total rating 
of 135,000 KVA. This capacity is distributed among 90 network 
transformers rated at 1500 KVA each. Their locations within the 
substations are shown on partial plan layouts in Chapter 2, 
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FOREWORD 

The instructions and recommendations contained in this 
manual are presented to aid Port Authority personnel who 
operate and maintain the Electrical Systems at the World 
Trade Center. 

This manual should be used, with, and must comply with, 
instructions in the "Guide for Port Authority Electricians", 
05M Standards, and; other approved safety procedures in 
effect at the World Trade Center. 

The contents of this manual have been compiled, researched, 
and prepared by the Maintenance Methods Section of the 

Maintenance Engineering Design Division, Engineering Depart- 
ment. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 

The subject of this manual is the Low Voltage Power Distribu- 
tion Systems of Towers A and B. 

Chapter 1 provides a general view of the High and Low Voltage 
Power Distribution Systems installed in both towers. 

Chapter 2 deals with the High Voltage Switchgear Cabinets in 
the substations and the alarm system related to them. 

Chapter 3 focuses on the Distribution Switchboards of the sys> 
tera. The subject matter includes the Main Distribution Switch- 
boards that were installed in the towers at the time of construc- 
tion and the subdistribution switchboards that were installed on 
the 109th floor of Tower A at a later date. 

ChapteT 4 describes the Motor Control Centers in the toweTs. 
Included in the chapter is a listing of the manufacturer's shop 
drawings of the Motor Control Centers and the controllers housed 
in the centers. 

Chapter 5 provides information on the subdistribution panels 
and power metering equipment in the towers. 

Chapter 6 serves as a guide to maintenance personnel charged 
with the responsibility for maintaining the electrical equipment 
in the towers. 

Chapter 7 concerns the Low Voltage Distribution System in 
Tower B. Contained in the chapter are descriptions of the dif- 
ferences between the systems in Towers A and B. 
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GENERAL 

Electric power for the World Trade Center is purchased from 
the Power Authority of the State of New York (PASNY) , and delivered 
by Consolidated Edison (Con Ed) via a substation located north of 
the Trade Center on Vesey Street. Power from the Con Ed substation 
is conducted underground at 13.8 KV via cables, 2 in parallel for 
each of the 8 incoming feeders, to a Primary Distribution Center 
(PDC). 

The PDC is on Level B3 (Elevation 274') in the extreme north- 
east corner of the World Trade Center. The PDC receives the 8 
Con Ed feeders and subdivides them into 3 groups of 8 secondary, 
13.8 KV feeders and 1 group of seven 13.8 KV feeders. One group 
of feeders feeds the 8 abovegTade substations in Tower A. See 
Figure 1-1. The second group feeds the 8 substations in Tower B. 

The third group of 8 feeders serves the substations in the 
sublevels of the towers and the Northeast and Southeast Plaza 
Buildings. The group of 7 feeders feeds the Central Refrigeration 
Plant. 

For a comprehensive description of the High Voltage Distribu- 
tion System, refer to World Trade Center 05M Manual No. 5 "High 
Voltage Distribution System". 

PRIMARY DISTRIBUTION CENTER 

The PDC consists of 8 switchgear groups which are designated 
PDC No.l (PDC-1) thru PDC No. 8 (PDC-8) . Each switchgear group con- 
tains 6 cubicles, of which at least 1 is a spare. Each Con Ed 
incoming feeder feeds 1 switchgear group via an ACB in that group. 
Four secondary feeders from each group serve different parts of 
the WTC complex, as described in the "General" section above. For 
a complete description of the PDC refer to World Trade Center OSM 
Manual No. 5 "High Voltage Distribution System". 

Each cubicle in the PDC contains a draw-out ACB, rated at 
1200A continuous current with an interrupting capacity of 1000 
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FOREWORD 

The instructions and recommendations in this manual are 
presented to aid and guide Port Authority personnel who 
operate and maintain the Emergency Power Systems at the 
World Trade Center complex. 

This manual should be used with, and must comply with, 
instructions set forth in the "Guide for Port Authority 
Electricians", OSM Standards, and other approved safety 
procedures in effect at the World Trade Center. 

The contents of this instruction manual have been re- 
searched, compiled, and prepared by the Maintenance 
Methods Section of the Design Division for Maintenance 
Engineering, Engineering Department, with the coopera- 
tion of the World Trade Department. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 
This manual describes the electrical equipment and systems of 
the emergency power in use at the World Trade Center (WTC) complex, 
excluding the Hotel. 

Chapter 1 discusses the need for emergency power, the location 
of equipment, and the appendices. 

Chapter 2 describes the diesel engines, their controls, protec- 
tion, and associated auxiliary equipment. 

Chapter 3 describes the electrical generator, its control and 
protection, and the synchronization system. The chapter concludes 
with a description of the generator and main ACB's. 

Chapter 4 discusses the Emergency Power Center (EPC) as part 
of the Emergency Power Distribution System. 

Chapter 5 describes the automatic transfer switches (ATS's) in 
the system as well as the Main Transfer Switch Control Panel. 

Chapter 6 discusses the operating procedures of the system, 
viz, the starting and stopping of the emergency generators. In 
this chapter the system of load sharing among the generators is 
also described. The chapter concludes with a discussion of the 
indicating alarm (both visual and audible) systems in use. 

GENERAL 
The World Trade Center complex is provided with emergency 
power to operate the emergency lighting loads, elevator 



l-l 



loads, and fire fighting equipment (including the Fire Department 
Elevators) so that everyone can be evacuated from the buildings 
in the event of a utility power failure. Emergency power is not 
designed to replace total utility power for the day-to-day opera- 
tions of the VTC complex. 

The emergency lighting loads include the stairway and exit 
lights, corridor lighting, and other essential areas of the 
complex. 

The emergency generator will start automatically only when 
power to the emergency lighting panels fails. 

EQUIPMENT LOCATION 
There are five 1000 KW generators located in Level B6, along- 
side stairway K-1A, See Figure 1.1. The diesel engine generators, 
together with their battery set, are installed adjacent to one 
another in the Emergency Generator Room. Located in this same room 
are the Engine-Generator Control Panels, the Master Control Panel, 
and the Main Distribution Boards. Behind these panels are located 
the Emergency Switchboards (ESB) . The automatic transfer switches 
of this power system are located on various floors of the Towers, 
as well as in the other buildings and the subgrade levels of the 
complex. 

NOTES ON APPENDICES 
In this manual the Abbreviations For Text will be found in 
Appendix A, the Electrical Symbols in Appendix B, the Abbrevia- 
tions For Drawings in Appendix C, and the Special Legend in Appen- 
dix D. This legend is a general list of the abbreviations and let- 
ter symbols used for this poweT system. 
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FOREWORD 

The instructions and recommendations contained in this 
manual are presented to aid Port Authority personnel who 
operate and maintain the Plaza Sculpture Fountain at the 
World Trade Center. 

This manual should be used with, and must comply with, 
instructions in the "Guide for Port Authority Electricians", 
O&M Standards, and other approved safety procedures in 
effect at the World Trade Center. 

Hie contents o£ this manual have been compiled, researched, 
and prepared by the Maintenance Methods Section of the 
Design Division for Maintenance Engineering, Engineering 
Department . 
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CHAPTER 



INTRODUCTION 



SCOPE 
The equipment, operation, and maintenance of the Sculpture 
Fountain System are discussed in this manual. This chapter is the 
general introduction to the system and includes a flow diagram, 
valve index, and the location of the mechanical and electrical 
components. Chapter 2 contains the descriptions of the major com- 
ponents in the system. The mechanical and electrical controls for 
the system are discussed in Chapter 3. The filter package is des- 
cribed in Chapter 4, which also includes a description of the 
filter system's control circuits and chemicals. A step-by-step 
operational procedure is presented in Chapter 5 and the mainte- 
nance recommendations are provided in Chapter 6. 

GENERAL DESCRIPTION 
The Sculpture Fountain System provides a filtered and chemi- 
cally treated water stream, ejected from a continuous nozzle, 
which arcs close to the midpoint of the sculpture platform. The 
throw of water to the point of impact can be varied. The water 
is collected in the trough at the foot of the platform and recir- 
culated by the Sculpture Fountain Pumps which are also referred 
to as the supply pumps. An automatic strainer separates accumu- 
lated solids from the returned pool water. There are four Sculp- 
ture Fountain Pumps located in the Pool Equipment Room (PER). Two 
running pumps are required to supply the discharge for the desired 
throw of water. The other two supply pumps are alternated into 
the operation. 
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FOREWORD 

The instructions and recommendations contained in this manual 
are presented as an aid and guide to all personnel who operate 
and maintain the Low Voltage Distribution System of the World 

Trade Center. 

This manual should be used with, and must comply with the 
instructions set forth in the "Guide for Port Authority 
Electricians", O&M Standards, and other approved safety 
procedures in effect at the World Trade Center. 

The contents of this manual have been researched, compiled, 
and prepared by the Maintenance Methods Section of the Design 
Division for Maintenance Engineering, Engineering Department, 
with the cooperation of the World Trade Department. 
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PREFACE 

This manual is written in two sections; 
the first section covers the Northeast 
Plaza Building and the second the South- 
east Plaza Building. 

Each section contains its own Table of 
Contents, List of Illustrations, and 
descriptive chapters. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 

This manual is written in 2 sections: the first section 
provides information about the Low Voltage Distribution System in 
the Northeast Plaza Building (NEPB); the second section covers the 
Low Volta^i Distribution System in the Southeast Plaza Building 
(SEPB). 

Chapter l of this section of the manual is its Introduction. 
It describes the organization of the section and contains general 
information regarding the Low Voltage Distribution System in the 
NEPB. 

Chapter 2 describes the distribution system of the NEPB. 

Chapter 3 focuses on the Substation in the building, and in- 
cludes information regarding the major components in the 
Substation . 

Chapter 4 covers the distribution panels in the NEPB, and in- 
cludes schedules of the panels. 

Chapter 5 provides maintenance information and reconmendations 
for the major electrical components in the system, and system 
troubleshooting procedures. 
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FOREWORD 

The instructions and recommendations contained in this manual 
are presented as an aid and guide to all personnel who operate 
and maintain the Low Voltage Distribution System of the World 
Trade Center. 

This manual should be used with, and must comply with the 
instructions set forth in the "Guide foT Port Authority 
Electricians 11 , O&M Standards, and other approved safety 
procedures in effect at the World Trade Center. 

The contents of this manual have been researched, compiled, 
and prepared by the Maintenance Methods Section of the Design 
Division for Maintenance Engineering, Engineering Department, 
with the cooperation of the World Trade Department. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 

The Low Voltage Electrical Distribution System in the 6 
sublevels of the towers and Subgrades of the World Trade Center is 
the subject of this manual. 

Chapter 1 is the Introduction to the manual and contains a 
general description of the Subgrade areas. 

Chapter 2 describes the distribution system. 

Chapter 3 deals with the substations in the distribution sys- 
tem and the major distribution equipiont in the substations. 

Chapter 4 is concerned with the special distribution panels in 
the system. 

Chapter 5 contains the maintenance requirements, procedures, 
and troubleshooting required to keep the electrical equipment in 
good operating order. 

GENERAL 
The Subgrade levels of the World Trade Center comprise 6 
floors of space in the Sublevels (basement) of the towers and 6 
levels of space below grade in the areas adjacent to the towers. 
Sne Figure 1-1. 
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The area north, east, and west of Tower A on the Concourse 
Level is designated the J area; the area north, east, and south of 
Tower B is designated the K area. The same Subgrade and Sublevel 
area designations are repeated for 6 additional levels down to 
Level B6 (Elevation 242'). See Figure 1-2. 

Each level of the Subgrades encompasses an area of approxi- 
mately 45,000 square feet (including PATH'S station and track 

areas) : 

Elevation 310* includes the western end of the Concourse, 

ti "i area beneath the U.S. Customhouse, and the lobbies of 
Towers A and B. See Figure 1-1. 

Level Bl (Elevation 294') includes: the truck docks for 

Towers A and B, the Hotel's parking area, the Security Control 
Room (Police Desk), INHILCO's commissary, and some janitorial 
service offices. 

Level B2 (Elevation 284') comprises electrical, mechanical, 
and structural maintenance shops and offices, parking areas, 
and many elevator pits. 

Level B3 (Elevation 274') consists mainly of parking and 
tenant storage areas. 

Level B4 (Elevation 264') also is used mainly for parking 
and tenant storage. 

Level B5 (Elevation 253') includes the Refrigeration 
Plant's operating level and additional tenant storage. 
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Level B6 (Elevation 242') houses 2 Mechanical Equipment 
Rooms (MERs) , the Emergency Generator Plant, and additional 
tenant storage space. 

Electrical power for the Subgrades is provided from 2 electri- 
cal substations, one in each tower. Because these substations are 
on Elevation 294* (Level Bl) , they are designated: Substation 
2y4A in Tower A and 294B in Tower B. 

NOTES ON APPENDICES 

At the rear of this manual are Appendices A thru D. 

Appendix A contains all the figures required to support tne 
text in each chapter. These figures are numbered and presented in 
the order in which they are first referred to in each chapter. 

Appendix B is an alphabetical listing of all the abbreviations 
in the text and drawings of this manual and their definitions. 

Appendix C is a listiny of all the symbols in the diagrams of 
the manual and their definitions. 

Appendix D is a cross-reference of the fuse products of popu- 
lar rranufacturers. This cross-reference can be used by mainten- 
ance personnel to select an equivalent fuse when the exact 
replacement is not available. 
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FOREWORD 

The instructions and recommendations in this manual are 
presented to aid and guide World Trade Center personnel 
who operate and maintain the Smoke Detection System, 
Observation Deck, Tower B, in the World Trade Center. 

This manual should be used with, and must comply with, 
instructions set forth in the "Guide for Port Authority 
Electricians 1 *, OSM Standards, and other approved safety 
procedures in effect at the World Trade Center. 

The contents of this instruction manual have been re- 
searched, compiled, and prepared by the Maintenance 
Methods Section of the Design Division for Maintenance 
Engineering, Engineering Department, with the coopera- 
tion of the World Trade Department. 
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CHAPTER I 
INTRODUCTION 



SCOPE 

The subject of this manual is the Smoke Detection System for 
the Observation Deck located on Floor L07, Tower B, World Trade 
Center. This manual is divided into 6 chapters. 

Chapter 1 is an Introduction to the manual, gives information 
of a general nature, and deals with power source. 

Chapter 2 describes the Smoke Detection Equipment on the 
107th floor. 

Chapter 3 describes the Smoke Detection Equipment on the 
108th floor. 

Chapter 4 describes the Smoke Detection Equipment on the 
110th floor. 

Chapter S describes the operation of the Smoke Detection 
System. 

Chapter 6 presents recommendations related to the servicing 
and testing of the Smoke Detection Equipment. 

GENERAL 
The Observation Deck is located on Floor 107. The supply, 
return, and exhaust fans associated with the Observation Deck are 
located on Floor 108. A First Aid Room on Floor 110 is associated 
with the Observation Deck. Smoke Detection Equipment is located 
on 3 floors: 107, 108 and 110. There is a Smoke Detection 
Control Panel on each of the 3 floors. 

.POWER SUPPLY 
The Smoke Detection Control Panels on Floors 107, 108, and 
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110 receive 120V A.C. , 10, 60 HZ power from circuits 4 and 6 of 
Panel ERPC-110B, in Closet C, Floor 110, Tower B. 

NOTES ON APPENDICES 

At the back of this manual are Appendices A, B f C, and D. 

Appendix A contains all illustrations that support the text 
in each chapter. The illustrations are numbered and presented in 
the sequence in which they are first referred to. 

Appendix B contains Abbreviations For Text And Drawings. 

Appendix CI contains diagrams relating to the Smoke Detection 
Equipment on Floor 107. 

Appendix C2 contains diagrams relating to the Smoke Detection 
Equipment on Floor 108. 

Appendix C3 contains diagrams relating to the Smoke Detection 
Equipment on Floor 110. 

Appendix D contains Instruction Manual (123-0002) , Model 
NKT-24, Products of Combustion Detector Tester. 
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FOREWORD 

The instructions and recommendations contained 
in this manual are provided as an aide and guide 
to all personnel who operate the Computer Center 
Halon Fire Protection System. 

This manual should be used in conjunction with 
the standard, emergency fire procedures pres- 
ently in effect at the World Trade Center. 

The contents of this manual have been researched, 
compiled, and prepared by the Maintenance Methods 
Section of the Maintenance Engineering Design 
Division, Engineering Department. 
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PREFACE 

To the end that the Computer Center Ha Ion 
Fire Protection System be properly utilized, 
it is essential that all personnel concerned 
be familiar with its operation. This manual 
provides information and operating instruc- 
tions so that proper system utilization may 
be accomplished. 

Since the subject matter is vital to all 
Computer Center personnel, periodic review 
is strongly recommended. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 
The subject of this manual is the Fire Protection System 

installed in the 70th Floor Computer Center. 

Chapter 1 is the Introduction to the manual and contains 
general information concerning the system and contents of the 
manual . 

Chapter 2 deals with the Fire Detection Subsystem which is 
part of the integrated Fire Protection System. 

Chapter 3 describes the Halon 1301 Extinguishing Subsystem 
which is also part of the integrated system. 

Chapter 4 focuses on the Alarm Subsystem. 

Chapter S is concerned with all the subsystems as they 
operate within the integrated Fire Protection System. 

Chapter 6 provides the procedures the Floor Warden, Assistant 
Floor Warden, or their designees should follow to operate the 
system properly. 

Chapter 7 supplies information regarding the maintenance 
and testing of all the subsystems of the Halon Fire Protection 
System. 

GENERAL 
Installed in the 70th Floor Computer Center is a fully 
automatic Halon Fire Protection System. In actuality, the Fire 
Protection System is a consolidation of 3 subsystems. They 
are: the Fire Detection Subsystem, the Alarm Subsystem, and 
the Halon 1301 Extinguishing Subsystem. 
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The function of the Halon Fire Protection System is preser- 
vation of the extremely expensive computers, equipment, and 
valuable disk packs and data tapes used in the Computer Center. 
The extinguishing agent used is Halon 1301 gas which will not 
damage the equipment. Detailed descriptions of the subsystems 
and their operation within the integrated Fire Protection System 
are provided in the chapters that follow. 

NOTES ON APPENDICES 
Appearing at the rear of this manual is an Appendix. 
It contains all the illustrations and photos that support the 
text of each chapter. They are numbered and presented in the 
sequence in which they are first referred to in the chapters. 



ABBREVIATIONS 
An alphabetical listing of the abbreviations used in the 
text and illustrations of this manual and their definitions is 
provided below: 



Abbreviation 


Definition 


A.C. 


Alternating Current 


Asst. 


Assistant 


C.D.C. 


Control Data Corporation 


C.E. 


Customer Engineer 


DC 


Direct Current 


I.B.M. 


International Business Machines 


LHC 


Local Halon Control 


N.C.R. 


National Cash Register 


No. 


Number 


N.Y.C. 


New York City 


V 


Volts 
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FOREWORD 

The instructions and recommendations in this manual are 
presented to aid and guide World Trade Center personnel 
who operate and maintain the Domestic Water System, 
Towers A and B, in the World Trade Center. 

Operating and maintenance personnel must nonetheless 
comply with all Port Authority approved safety proce- 
dures as well as with instructions provided by plant 
supervisory staff. 

The contents of this instruction manual have been re- 
searched, compiled, and prepared by the Maintenance 
Methods Section of the Maintenance Engineering Design 
Division, Engineering Department, with the cooperation 
of the World Trade Department. 
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CHAPTER I 



INTRODUCTION 



SCOPE 

The Domestic Water Systems in Towers A and B, World Trade Center, 
are the subject of this manual. It is divided into 5 chapters. 

Chapter 1 is an Introduction. It discusses the scope of the manual, 

Chapter 2 describes the Domestic Cold Water System, including 
the water intake system, the mechanical and electrical controls 
associated with the pumping stations, and the pressure reducing 
stations. The fire system makeup and the HVAC makeup are also dis- 
cussed briefly in Chapter 2 . 

Chapter 3 describes the Domestic Hot Water System, including 
the hot water preheaters, the hot water heaters, and the hot water 
circulating pumps. 

Chapter 4 describes the Domestic Water Distribution in the 
various zones. 

Chapter S presents the maintenance procedures and schedules 
for the Domestic Water System. 

This manual covers domestic water distribution from Floor 2 
thru the roof in each tower. Domestic water distribution on the 
Concourse Level and the Sublevels will be covered in another manual . 

i DOMESTIC WATER SYSTEM 
The Domestic Water Systems and equipment in Towers A and B are 
basically similar.. A schematic diagram qi a Domestic Water System 
is presented in Figure 1.1. This diagram applies to the Domestic 
Water Systems in both ToweTs A and B. The equipment discussed in 
this manual is in Tower A. 
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NOTES ON APPENDICES 

Appendices A, B, C, D, and E are at the back of this manual. 

Appendix A contains all illustrations that support the text 
in each chapter. The illustrations are numbered and presented in 
the sequence in which they are first referred to. 

Appendix B contains the Domestic Water Pump Control Reference. 
Appendix C contains the Abbreviations For Text And Drawings. 
Appendix D contains the Mechanical Symbols, with explanations, 
Appendix E contains the Electrical Symbols, with explanations. 
Appendix F contains the References which were used in the 
preparation of this manual. 
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FOREWORD 

The information in this manual is presented as an 
aid to all personnel who operate and maintain the 
Heating, Ventilating, and Air Conditioning System 
in Towers A and 8 of the World Trade Center. 

This manual should be used with, and must comply 
with, all Port Authority safety practices and pre- 
cautions presently in effect at the World Trade 
Center . 

The contents of this manual have been researched, 
compiled, and prepared by the Maintenance Methods 
Section of the Maintenance Engineering Design 
Division, Engineering Department, with the coop- 
eration of the World Trade Department. 
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PREFACE 

The text and diagrams presented in this 
manual reflect the status of the Heating, 
Ventilating, and Air Conditioning equip- 
ment and controls as they were originally 
installed in Towers A and Bin 1970 under 
WTC Contracts Nos. 502 and 511. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 

The Heating/ Ventilating, and Air Conditioning (HVAC) System 
in Towers A and B of the World Trade Center (WTC) is the subject 
of this manual. The system is described as it was at the time of 
original installation. 

Chapter 1 is the Introduction to the manual. The chapter con- 
tains descriptions of the general layouts of Towers A and B and 
the locations of the Mechanical Eauipment Rooms in the towers. 
Also in the chapter is general information regarding: the types of 
air conditioning systems in the towers/ the chilled water that 
cools the towers, and the steam that is the primary source of heat 
for the Trade Center. 

Chapter 2 describes the steam supply to the towers and its 
distribution to the HVAC System. 

Chapter 3 focuses on the Chilled Water Distribution System in 
the towers and the locations of the quick- fill and drain valves. 

Chapter 4 describes the various categories of HVAC Systems and 
units in the towers and includes information regarding their 
return air and exhaust fans. The chapter also contains information 
r^aardinq the Central Control System in the Trade Center. 
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Chapter 5 deals with the system that supplies heated water to 
the reheat coils in the supply ducts of the Interior Air 
Conditioning System. 

Chapter 6 covers the Secondary Water System that provides hot 
and cold water for the Peripheral Air Conditioning Systems in the 
towers. 

Chapter 7 deals with the methods by which air from the various 
categories of HVAC units is discharged on each floor of the 
towers. The chapter also describes how air is returned to the HVAC 
units or exhausted from the towers. 

GENERAL 
The HVAC design for the towers of the World Trade Center, for 
the most part* is traditional. After chilled water from a Central 
Refrigeration Plant and steam, purchased from Con Edison, are 
piped to a Mechanical Equipment Room (MER), both are distributed 
to the HVAC equipment in the same manner as in most large build- 
ings requiring an MER of similar capacity. This system is 
repeated 4 times in each tower, as each tower can be con- 
sidered to be 4 buildings in one, each building one above the 
other, and each having one MER. See Figure 1.1. 

CHILLED WATER PLANT 
AND DISTRIBUTION SYSTEM 

A Central Refrigeration Plant, located on Levels B4, B5, and 

B6, approximately midway between Towers A and B, produces chilled 

water. This chilled water is used to cool all the buildings in the 
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FOREWORD 

The instructions and recommendations contained in this manual 
are presented as an aid and guide to all personnel who operate 



J ' and maintain the Electrical and Mechanical Systems for the 



Club/Restaurant at the World Trade Center. 

This manual : hould be used with, and must comply with, the 
instructions set forth in the "Guide For Port Authority 
Electricians"/ OfiM Standards, and other approved safety pro- 
cedures in effect at the World Trade Center. 

The contents of this manual have been researched, compiled, 
and prepared by the Maintenance Methods Section of the Main- 
tenance Engineering Design Division , Engineering Department, 
with the cooperation of the Operations Division of the World 
Trade Department. 
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CHAPTER 1 



INTRODUCTION 



l 
i 

SCOPE 

The electrcmechanical systems of the ftTC Club/Restaurant are 
covered in this Manual. The electrical system discusses the power 
source to and its distribution within the area of the 
Club/Restaurant. The mechanical system is associated with the 
heating, ventilating, and air conditioning of the Club/Restaurant. 

Chapter 1 is an introduction to the electrical and mechanical 
systems of the Club/Restaurant. 

Chapter 2 discusses the electrical power distribution. 

Chapter 3 describes the 3noke Detection Systen in the ceiling 
and ductwork. 
| Chapter 4 covers the Fire Extinguishing System in the exhaust 

hoods in the kitchen area. 

Chapter 5 describes the Intrusion Alarm Control System. 

Chapter 6 discusses the HVAC System and completely describes 
its operational aspects. 



L 

L 

GENERAL 
H The Club/Restaurant of the WTC is on the 107th floor of Tower 

A (North Tower) . In addition to describing the electrical source 
and distribution of the power of the Club/ Restaur ant, coverage is 
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also given to its security aspects and its fire protection 

systems. See Figures 1*1 and 1,2. 

The HVAC system's equipment and controls are in the 108th 

floor MER. An outdoor master thermostat is outside the MER, in 
the northeast corner of the parapet, This thermostat controls the 
HVAC system's operations. See Figures 1.3 and 1.4. Fran the 108th 
floor MER air is moved to service the Club/Pestaurant complex, 
which occupies the 106th and 107th floors. The HVAC units are 
known as 4-wall peripht-ral units. 

In addition to these }NPC units "in the 108th floor MER, the 
Club/Restaurant is provided with terminal reheat units to augment 
heating of specific spaces if necessary. The source of the heat 
is the interior reheat hot water system. The interior reheat units 
are in the ceilings of the 106th and 107th floors. These units 
require separate controls in the form of wall-mounted thermostats. 

For proper ventilation of the Club/Restaurant, efficient ex- 
haust systems are necessary in both the Restaurant area and the 
kitchen area. There are several exhaust units to service the 
Festaurant area. These units are in the 108th floor MER. The kit- 
chen exhaust units have fire protective devices. These exhaust 
units are Gaylord Hood Exhaust Systems and they are also in the 
108th Floor MER. 

To achieve proper circulation of air in the various rooms, 
transfer fans are necessary in the Club/Restaurant. There are sev- 
eral such fans in the ceiling of the Club/Restaurant. 
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FOREWORD 

The instructions and recommendations contained in this manual 
are presented as an aid and guide to all personnel who operate 
and maintain the Heating, Ventilating, and Air Conditioning 
System for the Subgrades at the World Trade Center. 

This manual should be used with, and must comply with, the 
instructions set forth in the "Guide For Port Authority 
Electricians", 0$M Standards, and other approved safety pro- 
cedures in effect at the World Trade Center. 

The contents of this manual have been researched, compiled, 
and prepared by the Maintenance Methods Section of the Main- 
tenance Engineering Design Division, Engineering Department, 
with the cooperation of the World Trade Department. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 

The HVAC Systan of the WTC subgrades is independent of the 
HVAC System of the WTC towers. Therefore 2 separate manuals have 
been prepared: WTC OAM Manual No. 15, "HVAC Systems, Towers A & 
B"; and this manual. 

This manual describes the equipment and sequential operations 
of the HVAC air handling units in the subgrades. In addition, the 
steam and chilled water distribution systems as well as the meter- 
ing setup for steam consumption are described. 

Chapter 1 is an outline of the information in this manual and 
a general description of the HVAC System. 

Chapter 2 describes the distribution of the chilled water sup- 
ply and return systems. 

Chapter 3 discusses the steam distribution system from the 
Steam Meter Room (SMR) . The steam from this room serves the sub- 
grades and the towers. 

Chapter 4 describes the areas served by the HVAC equipment in 
the Mechanical Equipment Rooms (KERs) . In addition, selected data 
are provided for the more important air handling equipment. 
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Chapter 5 discusses the controls and sequential operations for 
the air handling equipment. Maintenance procedures for the equip- 
ment and systems troubleshooting are also provided. 

GENERAL 

Heating, ventilating, and air conditioning of the subgrades in 
the WIC are provided via air handling equipment located mainly in 
the MERs on Level B6 (El. 242') in both Tower A and Tower B. 

The chilled water that flows to the chilled water coils of the 
equipment comes from the Refrigeration Plant. (See WTC O&M Manuals 
Nos. 3 and 4.) The steam is supplied by Con Edison and is metered 
at the SMR before being distributed to the reheat and preheat 
coils of the air handling equipment. 

9 

NOTES ON APPENDICES 

Appendices A through E are at the back of this manual. 

Appendix A contains all the illustrations that support the 
text in each chapter. The illustrations are presented and numbered 
in the sequence in which they are first referred to. 

Appendix B is an alphabetical listing, with definitions, of 
the abbreviations or designations in the text and illustrations of 
this manual. 

Appendix C is a listing, with definitions, of the electrical 

and mechanical symbols in the diagrams. 

Appendix D lists all the relevant reference information used 
in compiling this manual. 
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Appendix E shows the relationships between the sublevels and 
elevations of the WTC complex. 

Behind Appendix E is a compilation of the Manufacturers' 
I Specifications Data related to the equipnent and devices in this 

HVAC System. 
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FOREWORD 

The instructions and recommendations in this manual are 
presented to aid and guide World Trade Center personnel 
who operate and maintain the Fire Sprinkler Systems in 
the World Trade Center. 

Operating and maintenance personnel must nonetheless 
comply with all Port Authority approved safety proce- 
dures as well as with instructions provided by plant 
supervisory staff. 

The contents of this instruction manual have been re- 
searched, compiled, and prepared by the Maintenance 
Methods Section of the Maintenance Engineering Design 
Division, Engineering Department, with the cooperation 
of the World Trade Department. 
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INTRODUCTION 



scopf: 

!Q The fire Sprinkler Systems of the World Trade Center are the 

ft 

Subject of this manual. Tt is divided into 3 chapters. 

Chapter 1 is an Introduction to the manual and discusses the 
valve designation system. 

Chaoter 2 describes the sprinkler water distribution loops. 

Chaoter 3 describes the sprinkler fire pumps. 

Chapter 4 descrihes the sprinkler systems in the Southeast 
3 laza Ruilding. 

Chaoter 5 describes the sor inkier systems in the Mort beast 
Plaza Puil^ina. 

Chapter 6 describes the sprinkler systems in the subcrade and 
sub level areas associated with Towers A £ R. 

Chaoter 7 describes the sprinkler systems in Towers A and ^. 

Chaoter 3 describes the different tvoes of sorinkler heads 
installed in various locations of the VTVC comolex. 
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GENERAL 

There are 2 maior sorinkler systems: one system serves the 
SEPR> the NEPB/ and the subgrades and sublevels of Towers A and &; 
the other system serves most of the floors (1 thru 110} in Towers 
A and B. 

SPRINKLER SYSTEMS 
General 

The function of the sprinkler systems is the automatic 
discharce of water in sufficient density to control or extinguish 
a fire at its very beginning, before significant damaoe can be 
dene, and before public or private firefighters can possibly be on 
the scene. 

We-t Pipe System 

The sprinkler systems at the World Trade Center are the Wet 
Pipe type. The Wet Pice system employs automatic sprinklers 
attached to pines containinc water under oressure at all times, 
when fire occurs, affected individual sprinklers are actuated by 
the heat, and they immediately release a dense sprav of water. 
Being that there is no danger of the water freezing inside the 
oipes, the Wet °ioe system is used at the World Trade Center. 

Sprinklers 

The sprinkler' are designed to spray a blanket of water over 
the immediate fire area. The sprinklers orovide a uniform water 
distribution pattern, thus assuring fire-affected areas are 
provided with complete coveraae. Random scattering of water with 
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FOREWORD 

The instructions and procedures in this manual are presented 
to aid Port Authority personnel in the operations of both 
passenger and freight elevators at the World Trade Center 
during normal and emergency situations. 

The manual must be used with, and must comply with, instruc- 
tions in the "Guide For Port Authority Electricians 1 *, OSM 
Standards, and other approved safety procedures in effect at 
the World Trade Center. 

The contents of this manual have been researched, compiled, 
and prepared by the Maintenance Methods Section of the Main- 
tenance Engineering Design Division, Engineering Department, 
with the cooperation of the Operations Division, World Trade 
Center, and the Otis Elevator staff. 
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CHAPTER I 



INTRODUCTION 



SCOPE 

Operational procedures for the Passenger And Freight Elevator 
System at the WTC during normal and emergency situations are 
documented in this manual. 

Chapter 1 provides a general description of the system: the 
types of elevators in use, the Elevator Machine Rooms / and the 
Motor-Generator Rooms. 

Chapter 2 describes the Normal Operation of the elevator sys- 
tem and the normal power distribution to the elevators. 

Chapter 3 covers the Emergency Operation of the elevator sys- 
tem and the emergency power distribution to the elevators. 

Chapter 4 discusses unusual conditions (e.g. / high winds 
resulting in excessive swaying of the towers) and the special 
procedures necessary to safely operate the elevators under these 
conditions. The use of elevators during a fire emergency is also 
described. 

Chapter 5 describes the Electrical Control System; its 
equipment, control panels, and visual and audible indication 
alarms. The chapter concludes with a description of the com- 
munication system within the elevator network. 
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GENERAL DESCRIPTION 
Overview 

Approximately 250 elevators operate in the WTC# of which 
about 200 are in Towers A and B. The elevators in the WTC are 3 
basic types: passenger elevators, freight or service elevators 
(including Fire Department elevators), and combination elevators 
(which can be used for both passenger and freight service). 

Groups of shuttle and bank elevators are provided with 
Elevator Machine Rooms (EMRs) and Mocor-Gene racer Rooms (MGRs), 
generally located below the EMRs. The Elevator Pic (EP) is from 1 
to 3 floors below the lower limit of the elevator run. 

The elevatora in the towers which provide express runs from 
the Concourse to the 44 th and 78 th Floor Sky lobbies are called 
shuttle elevators- Local or bank elevators service the floors 
between the Concourse and the 2 sky lobbies. See Figures 1,1 thru 
1.6. The elevators are monitored by Elevator Starter Panels (ESPs) 
located on che Concourse (for all shuttle elevators/ including 
Elevators Nos. 6 and 7) and che 44ch and 78th Floor Sky lobbies. 

Elevator Machine Rooms 

See Figures 1.1 thru 1.6. The shuttle EMRs have 2 floors. 
The upper floors house the DC motors, imaging cage3, and controls. 
The lower floors house the elevator governors. 

The bank EMRs have only 1 level and house the DC motors, 
imaging cages, AC switchgear, and controls. 
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Motor-Generator Rooms 

See Figured 1.7 thru 1.11. The shuttle elevator tt3Rs are on 1 
level/ on which are the motor-generator aets/ the motor-generator 
starters, and the AC switchgear. The motor-generator sets convert 
the AC power to DC. This DC power la distributed to the EMRs. 

The bank elevator MGRS/ consisting of an upper and a lower 
level/ are on 1 floor. The bank, elevator governors are on the up- 
per level; the motor-generator seta are on the lower level. 

The bank elevator MGRs are 1 floor directly below the EMRs. 
However, the shuttle elevator MGRs are not either directly or 1 
floor below the EMRs. The shuttle elevator MGRa are: on the 41st 
floor for Elevators Nos. 1-5 and 8-11; on the 75th floor for 
Elevators Nos. 18-23; on the 76th floor for Elevators Noa. 12-17; 
and on the 110th for Elevators Nos. 6 and 7. 

Elevator Pit 

The Elevator Pit (EP) houses the blocking supports/ the com- 
pensation sheaves/ and the tie-down beams. The EPa for the shut- 
tle elevators occupy between 2 and 4 floors below the lower limits 
of the elevator runs, whereas the (EPs) for the bank elevators oc- 
cupy only 1 or 2 floors below the lower limits of the elevator 
runs. See Figures 1.1 thru 1.6 and 1.12. 
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FOREWORD 

The instructions and recommendations contained in this manual 
are presented as an aid and guide to all personnel who operate 
and maintain the Antenna Heating System, Tower A, World Trade 
Center. 

This manual should be used with, and must comply with, the 
instructions set forth in the "Guide For Port Authority 
Electricians", 0§M Standards, and other approved safety pro- 
cedures in effect at the World Trade Center. 

The contents of this manual have been researched, compiled 
and prepared by the Technical Manuals Section of the Main- 
tenance Engineering Design Division, Engineering Department, 
with the cooperation of the Operations Division of the World 
Trade Center. 
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CHAPTER 1 



INTRODUCTION 



■SCOPE 

The heatinq ami ventilatinq systems for the antenna housing on 
the roof of Tower A are described in this manual. The antenna's 
interior space is heated by both electrical and mechanical methods 
to ensure reliability of the systan. 

Chanter I provides an Introduction outlining the need for 
heatinq the antenna housing. 

Chapter 7. describes: the steam distribution system; the as- 
sociated pioinq run pertaininq to the heatinq of the antenna's 
interior: and the mechanical equipment and control devices. 

Chaper 3 covers: the distribution of electrical Dower to the 
heating system; the electrical heating process; and the electrical 
equipment and control devices. 

Chapter i gives a description of the 4 heating stages desianed 
to maintain a temperature of 74 degrees p inside the antenna. in 
addition, the control alarm and monitoring systems associated with 
the heating cycles are described. 
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FOREWORD 

I 
m The instructions and recommendations in this manual are 

presented to aid and guide Port Authority personnel who 

operate and maintain the Compressed Air System in the 
I 
m World Trade Center. 

Operating and maintenance personnel must nonetheless 

comply with all Port Authority approved safety proce- 

■» dures as well as with instructions provided by plant 

supervisory personnel. 
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The contents of this instruction manual have been 
researched, compiled, and prepared by the Technical 
Manuals Section of the Maintenance Engineering Design 
Division, Engineering Department, with the cooperation 
of the World Trade Department. 
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CHAPTER 1 



INTRODUCTION 



| . . SCOPE 

L 

The Electromechanical Systems associated with the production 



and delivery of compressed air between SO- 190 PSI for all 
pneumatic control devices at the WTC, and for cleaning purposes, 
are described in this manual. 



U Chapter 1 provides a general description of the system 

and the locations of the equipment* 



Chapter 2 describes the mechanical equipment, 



Chapter 3 discusses the electromechanical control and 

t . 

L' alarm devices and their modes of operation. 

I > Chapter 4 focuses on the sequential operation of the 

compressed air cycle. A troubleshooting procedure for 
system malfunction is also in this chapter. 



Chapter 5 describes the electrical system and equipment 
for the Compressed Air System. Normal and emergency 
power for this system are outlined and the electrical 
equipment ia described. 

Maintenance schedules are in the chapters where equipment and 
devices are described. 
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Chapter 8 covers the Spinkler System installed in all build- 
ings and Subgrades of the Trade Center. 

Chapter 9 provides information regarding the Sprinkler 
Waterflow Alarm System installed in the Subgrades of the Trade 
Center . 

Chapter 10 deals with the Fire Standpipe System and hoses used 
throughout the Trade Center. 

Chapter 11 discusses the Fire Pumps in the Sprinkler and Fire 
Standpipe Systems. 

Chapter 12 deals with the Standpipe Fireline Communication 
System in the Trade Center. 

Chapter 13 contains the procedures WTC Operations personnel 
should use to purge smoke from certain areas in the Trade Center 
after, a fire has been extinguished. 

' In addition, all chapters contain inspection, testing, and 
maintenance requirements and procedures. 

NOTES ON APPENDICES 

Appearing at the back of this manual are the following 
appendices. 

Appendix A contains the photographs and drawings that support 
the text in the chapters of the manual. The photographs and 
drawings are numbered and presented in the order in which they are 
first referred to in the chapters. 

Appendix B comprises the abbreviations used in the text and 
illustrations of the manual. 
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FOREWORD 

The instructions and recommendations in this manual are 
presented to aid and guide World Trade center personnel who 
operate and maintain the sewage and sump systems located 
below grade of Towers A and B (including areas J and K), in 
the World Trade Center, New York, New York. 

Operating and maintenance personnel must nonetheless comply 
with all Port Authority approved safety procedures as well 
as with instructions provided by the plant supervisory staff. 

The contents of this instruction manual have been 
researched, compiled and prepared by Syska & Hennessy, New 
York, with the cooperation of the World Trade Center 
Maintenance Methods Section of the Design Division for 
Maintenance Engineering, Engineering Department and the 
Operating Maintenance Staff of the World Trade Center. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 



The subjects of this manual are the sub-level sewage systems and the 
sub-level sump systems for Towers A and B (including areas J and K), of 
the world Trade Center. 

Chapter 1 is an Introduction, which includes the scope of the manual. 

Chapter 2 describes the sub-level sewage systems, including the 
pumping stations and their mechanical and electrical controls. 

Chapter 3 describes the sump systems including the pumping stations 
and their mechanical and electrical controls. 

SEWAGE SYSTEMS 

Since sewage is collected by gravity from areas of the world Trade 
Center which are located below the city gravity sewers, six sewage 
systems have been installed. These six sewage systems consist of 
sewage pits located at Level B-6, and two sewage ejector pumps located 
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FOREWORD 

The instructions and recommendations in this manual are 
presented to aid and guide World Trade Center personnel 
who operate and maintain the Domestic Water System, 
NEPB, in the World Trade Center- 
Operating and maintenance personnel must nonetheless 
comply with all Port Authority approved safety proce- 
dures as well as with instructions provided by plant 
supervisory staff. 

The contents of this instruction manual have been 
researched, compiled, and prepared- by the Technical 
Manuals Section of the Maintenance Engineering Design 
Division, Engineering Department, with the cooperation 
of the World Trade Department. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 

The Domestic Water System in the NEPB is described in this 
manual. Xt is divided into 5 chapters. 

Chapter 1 is the Introduction, It discusses the scope" of the 
manual and describes the water supply to the NEPB. This chapter 
also provides a diagram shewing the layout of the Domestic Water 
System equipment in the Mechanical Equipment Room (MER), Elevation 
289' 6", NEPB. The Notes On Appendices are in this chapter. 

Chapter 2 describes the Domestic Cold Water System, including 
the." water meter, pumps, pump motors, motor controllers, low- and 
high-pressure switches, pressure-electric transducers, air cushion 
tank, and air compressor. This chapter also discusses the 
operation of the pump control system. 

Chapter 3 describes the Domestic Hot Water System, including 
the preheater, hot water heaters, and hot water circulating pumps. 

Chapter 4 describes the Domestic Water Distribution System in 
the NEPB. It provides a riser diagram showing the Domestic Water 
System equipment in the MER, the cold water, the hot water, and 
the hot water circulating lines. This chapter also contains dia- 
grams showing the locations of isolation valves associated with: 
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the cold water, the hot water, and hot water circulating risers. 
These diagrams show the isolation valves for the tenant areas. 

Chapter 5 presents the maintenance procedures and schedules 
for the domestic water equipment. 

WATER SUPPLY 
The Domestic Water System in the NEPB receives its water sup- 
ply from the New York City Water System via a utility rack, which 
passes through the truck dock area. This utility rack extends from 
the northeast corner of Tower A to the southeast corner of Tower 
B. At both extremes of the rack are valves that can be used to 
isolate the rack from the street source. Water can be supplied to 
the system from either end of the rack- In the event one valve is 
closed, the system receives water from the other end. 

NOTES ON APPENDICES 

Appendices A,B,C,D,E, and F are at the end of this manual. 

Appendix A contains all the illustrations that support the 
text in each chapter. The illustrations are numbered and presented 
in the sequence in which they are first referred to. 

Appendix 3 contains the Domestic Water Pump Control Reference. 

Appendix C contains the Abbrevations For Text And Drawings. 

Appendix D contains the Mechanical Symbols, with explanations. 

Appendix E contains the Electrical Symbols, with explanations. 

Appendix F contains the References which were used in the 
preparation of the manual. 
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FOREWORD 

The instructions and recommendations in this manual 
are presented to aid and guide World Trade Center 
personnel, who operate and maintain the Window 
Washer and Exterior Platform Equipment associated 
with Towers A & B of the World Trade Center. 

Operating and maintenance personnel must 
nonetheless comply with all Port Authority approved 
safety procedures, as well as with instructions 
provided by plant supervisory staff. 

The contents of this manual have been researched, 
organized and prepared by the Technical Manuals 
Group of the Maintenance Engineering Design 
Division, Engineering Department, The Port 
Authority of New York and New Jersey. 
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CHAPTER 1 

INTRODUCTION 

SCOPE 

The Window Washer and the Exterior Platform Equipment 
associated with Towers A and B of the World Trade Center are 
the subject of this manual. The manual is divided into 8 
chapters . 

Chapter 1 is the Introduction to the manual. It briefly 
describes the entire system. 

Chapter 2 describes the Roof Car. 

Chapter 3 deals with the Automatic Window Washer. 

Chapter 4 focuses on the Maintenance Platform. 

Chapter 5 discusses the Roof Track System. 

Chapter 6 describes the Roof Car Transfer Platform 
System. 

Chapter 7 contains Maintenance and Inspection Schedules 
and Procedures. 

Chapter 8 deals with the Electrical Power Distribution 
System. 
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GENERAL 

On each cower the equipment consists of a Roof Car, an 
Automatic Window Washer , a Maintenance Platform, a Roof Track 
System, a Roof Car Transfer Platform System and garage, and 
Guideways in the columns in the tower's exterior walls. See 
Figures 1.1, 1.2, and 1.3. 

The primary function of the Roof Car is to transport the 
Window Washer and Maintenance Platform horizontally on the 
roof and raise and lower them along the sides of the building 
in order to wash and maintain the windows and exterior 
surfaces of the building. 

The Roof Car supports a Positioning System and two 
independent Hoisting systems. The Positioning System consists 
of an Outrigger, hinge-mounted at its inboard end to the Roof 
Car and at its outboard end, supporting a framework of four 
Launch Guides. See Figure 1.1. 

The Window Washer is carried on the two inner Launch 
Guides and the Maintenance Platform on the two outer Launch 
Guides. Before a descent begins, the positioning system is 
lowered by a pair of hydraulic cylinders, so that the Launch 
Guides line up with the building Guideways. 

An Indexing Pin on the lower end of each Launch Guide 
mechanically interlocks with an indexing stirrup behind each 
Guideway, thus ensuring alignment for the guide wheel 
assemblies on the Window washer and Maintenance Platform to 
properly enter the Guideways on the building. After a wash 
cycle has been completed, the Positioning System must be 
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raised at least one foot so that the Roof Car can be moved to 
the next bay. 

There are two separate Hoist Systems in the Roof Car: one 
for the Window Washer and the other for the Maintenance 
Platform. They operate independently of each other so that 
the window Washer and Maintenance Platform can be used at the 
same time. The Maintenance Platform is designed so that the 
Window Washer can pass through it, if necessary. 

The Roof Car, carrying the Window Washer and Maintenance 
Platform, moves horizontally along the roof on a track system 
installed on the roof. The track system includes a turntable 
at each corner of the building, such that the Roof Car can be 
turned 45 degrees for cleaning the corner, and an additional 
45 degrees to proceed along the next wall. 

When not in use, the Roof Car and its components are 
stored in the system garage on the 110th floor. A Transfer 
Platform is used to raise the Roof Car from the garage to the 
roof and lower it from the roof to the garage. 

Note: In this manual the terms "left side of the Roof 
Car" and "right side of the Roof Car" refer to 
those sides of the Roof Car that are on the Roof 
Car Operator's left and right, respectively, when 
the front of the Roof Car is parallel with a side 
of the building and the Roof Car Operator is on the 
Control Platform facing that side of the building. 
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FOREWORD 



The instructions and recommendations in this manual 
are presented to aid and guide World Trade Center 
personnel, who operate and maintain the Window 
Washer And Exterior Platform Equipment associated 
with the Southeast and Northeast Plaza Buildings of 
the World Trade Center. 

Operating and maintenance personnel must nonetheless 
comply with all Port Authority approved safety 
procedures, as well as with instructions provided by 
plant supervisory staff. 

The contents of this instruction manual have been 
researched, compiled, and prepared by Burns and Roe 
Industrial Services Company, New Jersey under the 
direction of the Technical Manuals Section of the 
Maintenance Engineering Design Division, Engineering 
Department, with the cooperation of the Operations 
Division of the World Trade Center. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 
The window Washing and Exterior Wall Maintenance Systems 
of the Southeast (Building No. 4) and Northeast (Building No. 5) 
Flaza Buildings of the World Trade Center are the subject of 
this manual. The manual is divided into 8 chapters. 

Chapter 1 is an Introduction to the manual and describes 

the systems. 
Chapter 2 describes the Roof Cars. 
Chapter 3 focuses on the Maintenance Platforms. 
Chapter < discusses the Roof Track Systems. 
Chapter 5 deals with System Operating Procedures. 
Chapter 6 discusses the Electrical Power Distribution 

Systems. 
Chapter 7 deals with Maintenance. 
Chapter 8 describes troubleshooting procedures. 

EQUIPMENT DESCRIPTION 
The equipment on each building consists of a Roof Car, a 
Maintenance Platform, an Outrigger and a Roof Track. These 
components are shown in Figure 1.1. 
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The primary function of the Roof Car is to transport the 
Maintenance Platform alone the Roof Trac): System and raise or 
lower the Maintenance Fiatfonri to provide access to the 
windows and exterior surfaces cf the building. The Roof Car 
supports a positioning system and an independent hoisting 
system. See Figure 2.1. 

The positioning system consists of an Outrigger which is 
mounted on the Roof Car. Before a descent begins, the 
Maintenance Platform is moved over the building parapet to the 
face of the building by the Outrigger, so that the Face 
Rollers on the Maintenance Platform have continuous contact 
with the face of the building. After a cycle has been 
completed, the Platform must be lifted at least one foot above 
the parapet before it can be moved to the next section, and 
must be lifted as far as possible to clear the corners of the 
building . 

The Hoist System incorporates two hoisting drums for the 
platform cables and an associated motor and gearbox. 

The Roof Car, carrying the Maintenance Platform, moves 
horizontally on a track system installed on the roof. The 
track system includes a curved section at each corner of the 
building, so that the Roof Car can be positioned for cleaning 
the corner, ar.d proceed along the next wall. 
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When no- ir. use, the Roof Car and Maintenance Platform 

are scored on the roof. 

WARNING 
THIS EQUIPMENT SHOULD NOT BE USED WHEN 
THERE ARE GUSTY WINDS, ELECTRICAL STORMS, 
OR OTHER SEVERE WEATHER CONDITIONS. 

NOTES ON APPENDICES 
At the back of this manual are Appendices A thru F. 

Appendix A contains all the illustrations that support 
the text in each chapter. The illustrations are numbered and 
presented in the sequence in which they are first referred to. 

Appendix B lists the abbreviations used in the text along 
with their definitions. 

Appendix C contains the abbreviations used in the 
illustrations and their definitions. 

Appendix D contains the electrical symbols used in the 
illustrations along with their definitions. 

Appendix E is the list of references used in the prepara- 
tion of the manual. 
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Appendix F contains manufacturers' inf omiation. 
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WATER SYSTEM 
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Final Edition 
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FOREWORD 

The information in this manual is presented to 
aid and guide Port Authority personnel who operate 
and maintain the Computer Cooling Water System in 
Towers A and B of the World Trade Center (WTC) . 

Operating and maintenance personnel must 
comply with all Port Authority approved safety pro- 
cedures as well as with instructions provided by 
plant supervisory personnel. 

The contents of this manual have been re- 
searched, compiled, and prepared by DCI Technical 
Inc. and the Maintenance Engineering Design Divi- 
sion, Engineering Department, with the cooperation 
of the mechanical maintenance staff at the WTC. 
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CHAPTER 1 
INTRODUCTION 

SCOPE 

The Computer Cooling Water System in Towers A and B of 
the World Trade Center (WTC) is the subject of this manual. 

Chapter 1 is the introduction to the manual. Contained 
in the chapter is general information regarding the various 
systems used to provide computer cooling water to Towers A 
and B. 

Chapter 2 describes River Water input System A and the 
components that comprise the system. 

Chapter 3 describes River Water Input System B and the 
components that comprise the system. 

Chapter 4 describes the Computer Cooling Water Systems 
(Systems Nos. 1, 1A, and 2} of Tower A and the components that 
comprise each of the systems. 

Chapter 5 describes the Computer Cooling Water Systems 
(Systems Nos. 5, 7, 8, and 9) of Tower B and the components 
that comprise each of the systems. 

Chapter 6 contains the inspection and maintenance tasks 
which are required at periodic intervals for all systems 
listed above, inspection and routine maintenance rosters are 
specified. Maintenance Procedure Cards (MPCs) are also 
included. 
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Chapter 7 contains troubleshooting procedures to aid 
maintenance personnel in isolating and correcting a malfunc- 
tion in the Computer Cooling Water System. 

GENERAL 

The Computer Cooling Water System provides the WTC with 
a monitored water supply at a constant temperature. This 
water is used in the condensers of packaged air conditioners 
utilized by the tenants of the WTC for computer cooling 
purposes. 

There are ten individual systems which provide computer 
cooling water to the WTC buildings. Systems Nos. 1, 1A, 2, 5, 
7, 8, and 9, with River Water Input Systems A and B, provide 
computer cooling water to Towers A and B. These systems are 
described in this manual. See Figures 1.1-A and 1.1-B. 

Systems Nos. 3, 4, 6 and 10 provide computer cooling 
water to the Subgrades, Concourse, Northeast Plaza Building 
(NEPB) , and Southeast Plaza Building (SEPB) . For more infor- 
mation on these systems, refer to WTC Operation & Maintenance 
Manual No. 34, "Computer Cooling Water System, Northeast and 
Southeast Plaza Buildings, World Trade Center." See 
Figures 1.1-A and 1.1-B. 

RIVER WATER INPUT SYSTEMS 

River Water Input Systems A and B provide river water to 
be used by the parent systems . The parent systems are con- 
sidered to be Systems Nos. 1, 3, and 7. These systems utilize 
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river water co provide computer cooling water to tenants in 
various locations within the WTC complex. 

TOWER A 
System No. 1 

System No. 1 is a parent (primary) system. In addition 
to providing computer cooling water to tenants on Floors 10 
through 43 of Tower A, System No. 1 provides the auxiliary 
cooling water which feeds System No. 2. The auxiliary cooling 
water is cooled using river water supplied by River Water 
Input System A. When necessary, chilled water from the 
Chilled Water System is used to provide additional cooling 
capacity. In addition, when RW and the chilled water systems 
are not providing sufficient cooled water, a backup emergency 
domestic water supply is used. For information on the Chilled 
Water System, refer to WTC Operation and Maintenance Manual 
No. 3, "Mechanical Systems, Central Refrigeration Plant, World 
Trade Center" and WTC Operation and Maintenance Manual No. 4, 
"Electrical Systems, Central Refrigeration Plant, World Trade 
Center. " 

System No. 1A 

System No. 1A is part of System No. 1. System No. 1A 
provides System No. 2 with auxiliary cooling water from System 
No. 1. System No. 1A is basically an additional set of supply 
and return risers supplying computer cooling water to Floors 
10 through 40 and to the mechanical equipment room on the 43rd 
floor. 
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System No. 2 

System No. 2 is a child (secondary) system. It provides 
computer cooling water to tenants on Floors 45 through 107 of 
Tower A. The computer cooling water is cooled using the 
auxiliary cooling water from Systems Nos . 1 and 1A. 

TOWER B 
System No. 5 

System No. 5 is a child (secondary) system. It provides 
computer cooling water to tenants on Floors 14 through 24 of 
Tower B. The computer cooling water is cooled using the 
auxiliary cooling water supplied by System No. 3. 

System No. 7 

System No. 7 is a parent (primary) system. In addition 
to providing computer cooling water to tenants on Floors 5 
through 40 of Tower B, System No. 7 provides the auxiliary 
cooling water which feeds System No. 8. When necessary, 
chilled water from the Chilled Water System is used to provide 
additional cooling capacity. For information on the Chilled 
Water System, refer to WTC Operation and Maintenance Manual 
No. 3, "Mechanical Systems, Central Refrigeration Plant, World 
Trade Center" and WTC Operation and Maintenance Manual No. 4, 
"Electrical Systems, Central Refrigeration Plant, World Trade 
Center." System No. 7A, which is also part of system No. 7 is 
primarily used for summer operation. 
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System No. 8 

System No. 8 is a child (secondary) system. In addition 
Co providing computer cooling water to tenants on Floors 44 
through 75 of Tower B, System No. 8 also provides the 
auxiliary cooling water which feeds System No. 9. 

System No. 9 

System No. 9 is a tertiary system that provides computer 
cooling water to tenants on Floors 78 through 99 of Tower B. 
The computer cooling water is cooled using the auxiliary 
cooling water from System No. 8. 

INSPECTION AND MAINTENANCE 

Inspection and Maintenance requirements for the compon- 
ents of the Computer Cooling Water System are provided in the 
form of roster routines and MPCs. These cards outline the 
appropriate maintenance tasks to be performed. 

TROUBLESHOOTING 

Troubleshooting procedures are provided in a tabular 
format which includes: Troubles, their Probable Cause (s), and 
the Corrective Action{s) required to remedy the trouble(s). 

NOTES ON APPENDICES 

| Appendices A through H are located at the rear of this 

1 manual. 

i 

; Appendix A contains all the diagrams and photographs 

i 

I required to support the text in each chapter. The illustra- 
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tions are numbered and presented in the order in which they 
are first referred to. 

Appendix B is an alphabetical listing, with definitions, 
of the abbreviations and designations used in the text and 
photos of the manual . 

Appendix C is an alphabetical listing, with definitions, 
of the abbreviations and designations used in the drawings of 
this manual. 

Appendix D is a listing, with definitions, of the mechan- 
ical symbols used in the diagrams of this manual. 

Appendix E is a listing, with definitions, of the elec- 
trical symbols used in the diagrams of this manual. 

Appendix F is a list of the references {drawings and pub- 
lications) used in the preparation of this manual. These 
references should be utilized to obtain additional detailed 
information regarding specific components in the system. 

Appendix G is a diagram of the World Trade Center Floor 
Level Cross-Reference. 

Appendix H contains the Manufacturers' Information 
related to the equipment and components in the Computer Cool- 
ing Water System. 
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WATER SYSTEM 
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PLAZA BUILDINGS 



Final Edition 

Engineering Department 
Publication, August 1994 



THE PORT AUTHORITY ®F iW £ KB 



FOREWORD 

The information in this manual is presented to 
aid and guide Port Authority personnel who operate 
and maintain the Computer Cooling Water System in 
the Subgrades, Concourse, Northeast Plaza Building 
(Nepb) , and Southeast Plaza Building (SEPB) of the 
World Trade Center (WTC) . 

Operating and maintenance personnel must 
comply with all Port Authority approved safety pro- 
cedures as well as with instructions provided by 
plant supervisory personnel. 

The contents of this manual have been re- 
searched, compiled, and prepared by DC I Technical 
Inc., and the Maintenance Engineering Design Divi- 
sion, Engineering Department, with the cooperation 
cf the mechanical maintenance staff at the WTC. 



111 



CONTENTS 

Chapter Paoe 

1 INTRODUCTION 1-1 

Scope 1-1 

General 1-2 

Subgrades and Concourse 1-2 

System No. 3 1-2 

Northeast Plaza Building 1-3 

System No. 4 1-3 

System No. 10 (Dean Witter Reynolds) . . 1-3 

Southeast Plaza Building 1-3 

System No. 6 1-3 

Inspection and Maintenance 1-4 

Troubleshooting 1-4 

Notes on Appendices 1-4 

2 SUBGRADES AND CONCOURSE 2-1 

Scope 2-1 

General 2-1 

System No. 3 2-2 

Heat Exchangers 2-2 

General 2-2 

Nameplate Data 2-3 

Circulating Pumps 2-4 

General 2-4 

Nameplate Data 2-5 



CONTENTS 

Chapter ?aoe 
2 SUBGRADES AND CONCOURSE (Cont . ) 

Temperature and Flow Controls 2-5 

Local Control Panel 'No. 1 2-5 

Chart Recorder 2-6 

Temperature and Flow Alarms 2-7 

Temperature Alarm 2-7 

Flow Alarms 2-7 

Motor Controls 2-7 

Control Valves 2-8 

Differential Pressure Bypass 2-9 

General 2-9 

Operation 2-9 

Expansion Tank 2-10 

General 2-10 

Operation 2-10 

Makeup Water System 2-11 

General 2-11 

Operation 2-11 

Chemical Treatment System 2-11 

General 2-11 

Operation 2-11 

Quick-Fill and Drain System 2-12 

Flow Diagram Discussion 2-12 

Main Line Diagram Discussion 2-14 



VI 



CONTENTS 

Chancer Page 

3 NORTHEAST PLAZA BUILDING 3-1 

Scope 3-1 

General 3*1 

System No. 4 3-2 

Heat Exchangers 3-2 

General 3-2 

Nameplate Data 3-3 

Circulating Pumps 3-3 

General 3-3 

Nameplate Data 3-4 

Temperature Recorder 3-4 

Temperature and Flow Alarms 3-5 

Temperature Alarm 3-5 

Flow Alarms 3-5 

Motor Controls 3-5 

Control Valves 3-6 

Differential Pressure Bypass 3-6 

General 3-6 

Operation 3-7 

Expansion Tank 3-7 

General 3-7 

Operation 3-8 

Makeup Water System 3-8 

General 3-8 

Operation 3-8 



Vll 



CONTENTS 

Che-peer Page 
3 NORTHEAST PLAZA BUILDING ICont . ) 

Chemical Treatment System 3-9 

General 3-9 

Operation 3-9 

Quick-Fill and Drain System 3-10 

flow Diagram Discussion 3-10 

Riser Diagram Discussion 3-10 

System No. 10 3-11 

Air-Cooled coils 3-12 

Fans 3-12 

Heat Exchanger 3-12 

General 3-12 

Nameplate Data 3-13 

Glycol Solution Circulating Pumps .... 3-13 

General 3-13 

Nameplate Data 3-14 

Temperature and Flow Controls 3-14 

Local Control Panel No. 1 3-14 

Local Control Panel No. 2 3-15 

Dampers 3-15 

Temperature Transmitters 3-15 

Receiver Controllers 3-16 

Temperature and Flow Alarms 3-16 

Temperature Alarm 3-16 



vin 



CONTENTS 

Chapter Page 
3 NORTHEAST PLAZA BUILDING (Cont . ) 

Dampers Fail Alarm 3-17 

Flow Alarms 3-17 

Motor Controls 3-17 

Fans 3-17 

Circulating Pumps 3-18 

Control and Isolation Valves 3-18 

Differential Pressure Bypass 3-19 

General 3-19 

Operation 3-20 

Expansion Tank 3-20 

General 3-20 

Operation 3-20 

Makeup Water System 3-21 

General 3-21 

Operation 3-21 

Quick-Fill and Drain System 3-22 

Flow Diagram Discussion 3-22 

Riser Diagram Discussion 3-23 

Sequence of Operation 3-24 

Summer Cycle 3-25 

Winter Cycle 3-26 



IX 



CONTENTS 

Chapter Paae 

4 SOUTHEAST PLAZA BUILDING 4-1 

Scope 4-1 

General 4-1 

System No. 6 4-1 

Heat Exchangers 4-2 

General 4-2 

Nameplate Data 4-2 

Circulating Pumps 4-2 

General 4-2 

Nameplate Data 4-3 

Temperature and Flow Controls 4-3 

Chare Recorder "4-3 

Temperature and Flow Alarms 4-4 

Temperature Alarm 4-4 

Flow Alarms 4-4 

Motor Controls 4-4 

Control Valves 4-5 

Differential Pressure Bypass 4-6 

General 4-6 

Operation 4-6 

Expansion Tank 4-7 

General 4-7 

Operation 4-7 



CONTENTS 

Chapter Page 

4 SOUTHEAST PLAZA BUILDING (Cont . ) 

Makeup Water System 4-7 

General 4-7 

Nameplate Data 4-8 

Operation 4-8 

Chemical Treatment System 4-9 

General 4-9 

Operation 4-9 

Quick-Fill and Drain System 4-10 

Flow Diagram Discussion 4-10 

Riser Diagram Discussion 4-11 

5 INSPECTION AND MAINTENANCE 5-1 

Scope 5-1 

General 5-1 

inspection 5-2 

Expansion Tanks 5-2 

Expansion Joints 5-3 

Temperature. Alarms 5-3 

Maintenance 5-3 

Heat Exchangers 5-4 

Mr Cooled Condenser 5-5 

Circulating Pumps 5-6 



XI 



CONTENTS 

Chapter Paae 
5 INSPECTION AND MAINTENANCE (Cont . ) 

Expansion Tanks 5-8 

Control Valves 5-9 

Miscellaneous 5-9 

Addenda 5-11 

W/0 Number 8858C 5-11 

W/0 Number 8866C 5-12 

W/0 Number 8882C 5-13 

W/0 Number 8888C 5-14 

W/0 Number 8890C 5-15 

Maintenance Procedure Cards 5-16 

MPC No. M-103 5-16 

MPC No. M-46 5-16 

MPC No. M-48 5-17 

MPC No. M-47 5-17 

MPC No. M-98 5-18 

MPC No. M-41 5-19 

MPC No. M-99 5-20 

MPC No. M-108 5-21 



XII 



CONTENTS 



Chaoter 



TROUBLESHOOTING .... 

Scope 

General 

Subgrades and Concourse 

System No. 3 . . . . 
Northeast Plaza Building 

System No. 4 .... 

System No. 10 . ... 
Southeast Plaza Building 

System No. 6 .... 



Page 

6-1 

6-1 

6-1 

6-1 

6-2 

6-5 

6-5 

6-7 

6-10 

6-10 



APPENDIX A 
APPENDIX B 

APPENDIX C 



List of Illustrations 



Abbreviations for Text 
and Photos 



Abbreviations for 
Drawings 



APPENDIX D Mechanical Symbols 

APPENDIX E Electrical Symbols 

APPENDIX F References 

APPENDIX G World Trade Center 

Floor-Level 
Cross -Reference 



APPENDIX H 



Manufacturers' 
Specification Data 



XI 12. 



CHAPTER 1 
INTRODUCTION 

SCOPE 

The Computer Cooling Water System (Systems Nos. 3, 4, 6, 
and 10) in the Subgrades, Concourse, Northeast Plaza Building 
(NEPB) , and Southeast Plaza Building (SEPB) of the World Trade 
Center (WTC) is the subject of this manual. 

Chapter 1 is the introduction co the manual. Contained 
in the chapter is general information regarding the various 
systems used to provide computer cooling water to the Sub- 
grades, Concourse, NEPB, and SEPB. 

Chapter 2 describes System No. 3 and the components that 
comprise the system. System No. 3 provides computer cooling 
water to the Subgrades and Concourse. 

Chapter 3 describes Systems Nos. 4 and 10 and the compon- 
ents chat comprise each of the systems. Systems Nos. 4 and 10 
provide computer cooling water to the NEPB. 

Chapter 4 describes System No. 6 and the components chat 
comprise the system. System No. 6 provides computer cooling 
water to the SEPB. 

Chapter 5 contains the inspection and maintenance tasks 
which are required at periodic intervals for all systems 
listed above. Inspection and routine maintenance rosters are 
specified. Maintenance Procedure Cards (MPCs) are also 
included . 
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Chapter 6 contains troubleshooting procedures to aid 
maintenance personnel in isolating and correcting malfunctions 
in che Computer Cooling Water System. 

GENERAL 
The Computer Cooling Water System provides the WTC with 
a monitored water supply at a constant temperature. This 
water is used predominantly in the condensers of packaged air 
conditioners utilized by the tenants of the WTC for computer 
cooling purposes. 

NOTE 

Computer cooling water has also been referred to as 
auxiliary cooling water (ACW) . The piping and 
equipment in the Computer Cooling Water System 
carry the designation ACW. For this reason, 
computer cooling water will also be referred to as 
auxiliary cooling water or ACW in this manual. 

There are ten individual systems which provide computer 
cooling water to the WTC buildings. Systems Nos . 1, 2, 5, 7, 
8, and 9, with River Water Input Systems A and B, provide com- 
puter cooling water to Towers A and B. For information on 
these systems, refer to WTC Operation & Maintenance Manual No. 
33, "Computer Cooling Water System, Towers A & B # World Trade 
Center." See Figure 1.1. 

Systems Nos. 3, 4, 6, and 10 provide computer cooling 
water to the Subgrades, Concourse, NEPB, and SEPB. These 
systems are described in this manual. See Figure 1.1. 
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SUBGRADES AND CONCOURSE 
SyBtem No. 3 

System Nc. 3 is a parent system. In addition to provid- 
ing computer cooling water tc the Subgrades and Concourse, 
System No. 3 provides the water which cools Systems Nos . 4, 5, 
and 6. The ACW from System No. 3 is cooled by river water 
supplied by River Water Input System A. when necessary, 
chilled water from the Chilled Water System is used to provide 
additional cooling capacity. For information on the Chilled 
Water System, refer to WTC Operation and Maintenance Manual 
No. 3, "Mechanical Systems, Central Refrigeration Plant, World 
Trade Center* and WTC Operation and Maintenance Manual No. 4, 
"Electrical Systems, Central Refrigeration Plant, World Trade 
Center. " 

NORTHEAST PLAZA BUILDING 
System No. 4 

System No. 4 is a child system of System No. 3. It pro- 
vides computer cooling water to the NEPB. The computer cool- 
ing water is cooled by cooling water supplied by System No. 3. 

System No. 10 (Dean Witter Reynolds) 

System No. 10 is an independent computer cooling system. 
It uses a glycol solution to provide computer cooling for Dean 
witter Reynolds in the NEPB. 
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SOUTHEAST PLAZA BUILDING 

System No. 6 

System No. 6 is a child system of System No. 3. It pro- 
vides computer cooling water to the SEPB. The computer cool- 
ing water is cooled by cooling water supplied by System No. 3. 

INSPECTION AND MAINTENANCE 

Inspection and Maintenance requirements for the compo- 
nents of the Computer Cooling Water System are provided in the 
form of roster routines and MPCs . These cards ■ outline the 
appropriate maintenance tasks to be performed. 

TROUBLESHOOTING 

Troubleshooting procedures are provided in a tabular 
format which includes: Troubles, their Probable Cause(s), and 
the Corrective Action(s) required to remedy the trouble(s). 

NOTES ON APPENDICES 

Appendices A through H are located at the rear of this 
manual . 

Appendix A contains all the diagrams and photographs re- 
quired to support the text in each chapter. The illustrations 
are numbered and presented in the order in which they are 

first referred to. 

Appendix B is an alphabetical listing, with definitions, 
of the abbreviations and designations used in the text and 
photos of the manual. 
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Appendix C is an alphabetical listing, with definitions, 
of the abbreviations and designations used in the drawings of 
this manual. 

Appendix D is a listing, with definitions, of the mechan- 
ical symbols used in the diagrams of this manual. 

Appendix E is a listing, with definitions, of the elec- 
trical symbols used in the diagrams of this manual. 

Appendix F is a list of the references (drawings and pub- 
lications) used in the preparation of this manual. These ref- 
erences should be utilized to obtain additional detailed in- 
formation regarding specific components in the system. 

Appendix G is a diagram of the World Trade Center Floor- 
Level Cross-Reference. 

Appendix H contains the Manufacturers' Specification Data 
related to the equipment and components in the Computer 
Cooling Water System. 
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WTCI-5-P 

WORLD TRADE CENTER 

Instruction Manual No. 23 



Operation and Maintenance of 
FIRE PROTECTION SYSTEM 



Final Edition 
Engineering Department 
Publication, February 1986 

THE PORT AUTHORITY ®GW©G&D 



FOREWORD 

The information, recommendations, and instructions 
contained in this manual are provided as an aid 
and guide to all personnel who operate the Fire 
Protection System of the World Trade Center. 

This manual should be used in conjunction with the 
standard, emergency fire procedures presently in 
effect at the World Trade Center. 

The contents of this manual have been researched, 
compiled, and' prepared by the Maintenance Methods 
Section of the Maintenance Engineering Design Divi- 
sion, Engineering Department. 
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CHAPTER 1 



INTRODUCTION 



SCOPE 

The various Fire Protection Systems in the World Trade Center 
(WTC) are discussed in this manual. 

Chapter 1 is the Introduction to the manual and contains in- 
formation regarding its contents. 

Chapter 2 describes the Special Hazard Fire Suppression And 
Extinguishing Systems in the WTC. These systems include: kitchen 
ventilating, dry chemical, carbon dioxide, and others. 

Chapter 3 deals with the Portable Fire Extinguishers in use 
throughout the Trade Center. 

Chapter 4 discusses the Fire Alarm System in the Trade Center. 

Chapter 5 covers the various Smoke Detection and Alarm Systems 
in the Trade Center. 

Chapter 6 focuses on the All-Purpose Public Address System 
used to make announcements during fire drills or an actual fire 
emergency. 

Chapter 7 describes the various types of Automatic Fire Doors 
in the Trade Center. 
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